METHODS

Subjects and Setting
Participants were patients and staff in the neonatal intensive care unit (NICU) at the Beth Israel Deaconess Medical Center in Boston, MA. During the study period, this tertiary level unit had approximately 30 beds with 750 admissions annually and provided support for a general and high-risk obstetrical service with 5000 deliveries annually. The staff comprised a total of 57 full-time equivalent nurses, of whom 11 to 12 were scheduled for each 12-hour shift. Nursing sign-out occurred twice per day, at 7 AM and 7 PM. Each patient was assigned either to a fellow or to a nurse practitioner for primary care, with an attending physician supervising. This NICU has no pediatric residents. Formal rounds occurred once per day, in the morning, and were attended by the fellow, nurse practitioner, bedside nurse, attending physician, and respiratory therapist, in addition to other personnel not included in the study, such as nutritionists and social workers. Rounds to transfer care to the covering night staff occurred once per day in late afternoon.
Data Collection
During July and August of 1998 and 1999, student observers in the NICU identified one or two infants per day for study participation. All
OBJECTIVE:
To characterize and predict personnel time inputs to neonatal intensive care using infant characteristics from chart review.
STUDY DESIGN:
For 12 hours each day, observers timed all direct care, charting, discussions, and procedures for 154 infants. Time inputs were correlated with 40 infant characteristics and resource markers, as well as the Score for Neonatal Acute Physiology ( SNAP ) for that day of care.
RESULTS:
Nurses accounted for 76%, respiratory therapists 8%, fellows 5%, nurse practitioners 7% and attendings 5% of total time invested in patient care. Nurses and respiratory therapists spent proportionately more time in direct patient care. In regression models, a limited number of variables explained 36% of the variance in time input per patient for respiratory therapists ( p < 0.0001 ), 42% for nurses ( p < 0.0001 ), and 23% for physicians and nurse practitioners ( p < 0.0001 ).
CONCLUSIONS:
Total labor inputs can be accurately predicted through the use of a limited number of clinical characteristics. This technique should be routinely employed to improve the accuracy of economic evaluations. Nursing accounts for the majority of time invested in neonatal care. Improved efficiency in neonatology is thus most likely to be generated by interventions that reduce direct nursing time. Original Article
infants were eligible, with the exception of those who were excluded by their attending physicians because of moribund condition or parental distress. Observers were instructed to remain seated near enough to the patient to observe all interactions with personnel, but to avoid providing any obstacle to care. Observers used a stopwatch to time all interactions between the patient and personnel, including registered nurses, nurse practitioners, respiratory therapists, subspecialty fellows, and attending neonatologists.
Interactions were subdivided into (1) direct patient care (including any activity in which there was direct contact between the clinician and patient, except when a procedure was performed), (2) rounds and discussion, (3) charting and note writing, (4) procedures, and (5) preparation time for medications and feedings. When nurses left the bedside for charting or preparation, observers requested the reason and timed the absence. Infants were observed for a total of 8 to 12 hours each, from morning to evening rounds. Times for each interaction were recorded on a standardized reporting form along with the category and personnel involved. If more than one type of personnel were involved, as they were during some procedures and during rounds, then time was counted separately for each person present. Retrospective chart review of each observed infant's chart was conducted for the 24-hour period corresponding to the period of observation, beginning at the preceding midnight. Abstractors calculated the original Score for Neonatal Acute Physiology (SNAP) 5 for the day of observation and scanned the chart for 40 infant characteristics and resource markers derived from the Neonatal Therapeutic Intensity Scoring System (NTISS). 6 The study was approved by the institutional review board of the Beth Israel Deaconess Medical Center. Nurses could decline participation when approached by the observer, although none availed themselves of this option.
Analysis
Results of patient observation and chart review were entered into a spreadsheet by the student observers (Excel 97, Microsoft Corporation, Redmond, WA). Statistical analysis was completed using the Statistical Analysis System version 6.12 (SAS Institute, Cary, NC) and SPSS 7.5 (SPSS, Chicago, IL). Times inputs were first normalized to a 24-hour period by dividing each time by the proportion of the day over which the infant was observed. Time inputs for each personnel and work category were summarized descriptively. Time inputs for RNs, clinicians (consisting of the total inputs for nurse practitioners, fellows, and attendings), and respiratory therapists were used as dependent variables for ordinary least squares regression. Initially, univariate regression was performed using the following groups of independent variables: infant characteristics, illness severity as measured by SNAP, and resource utilization as recorded from the hospital chart. Items found to be predictive at the 10% level of statistical significance were then entered into a stepwise regression procedure to derive one predictive model for each of the three personnel categories. Dependent variables with highly skewed distributions were log transformed before regression.
RESULTS
Characteristics of Observed Infants
During the study, 154 infants were observed and had chart abstraction completed, for a total of 1235 hours of observation time.
Characteristics of these infants are given in Table 1 . As shown, there was a reasonable range of resource intensity, with approximately one third requiring mechanical ventilation on the day of observation, whereas two thirds were receiving at least partial nasogastric feeds. The range of birth weights is typical of a tertiary NICU, with a mean of 1638 g and a range of 460 to 4370 g. The mean SNAP score of 4 corresponds to mild severity of illness. Infants with moderate to severe illness acuity (SNAP >10) comprised 7% of the sample.
Characterization of Time by Clinical Role and Activity
Registered nurses accounted for 76% of the average time input recorded per infant, whereas attending physicians accrued 5%, nurse practitioners 7%, fellows 5%, and respiratory therapists 8%. Median time inputs per patient projected per 24 hours (1440 minutes) were 385 minutes for registered nurses, 86 minutes for 
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MDs, fellows and nurse practitioners combined, and 22 minutes for respiratory therapists. The distributions for these time inputs were right skewed, as shown for nursing and clinicians in Figures 1 and 2 , respectively. The distribution for respiratory therapists was similar.
Of the total time invested in each patient by all personnel, 59% on average was classified as direct patient care, 16% as rounds and discussion, 15% as charting and note writing, 7% as procedures, and 3% as preparatory activities. Figure 3 shows the breakdown of task types by clinical role. As shown, nurses and respiratory therapists were more involved in direct patient care, whereas physicians (attending and fellows) and nurse practitioners spent proportionately more time per patient in rounds and discussions. Table 2 shows the results of regression analysis for log-transformed personnel time. For nursing time, the model predicted 42% of the variability in time inputs (R 2 =0.42, p<0.0001) and used eight predictive variables. For physicians and nurse practitioners combined, the model predicted 23% of the variability (R 2 =0.23, p=0.0001) and used three predictive variables. For respiratory therapists, five variables were predictive of 36% of the variability (R 2 =0.36, p<0.0001).
Regression Analysis
DISCUSSION
With ongoing financial constraints on the health care system, clinicians and managers are paying increased attention to economic evaluation as a means to direct resources into the highest yield therapies. The value for money of neonatal intensive care has been a particularly active debate for more than two decades. 7 -9 This patient population certainly claims a disproportionate share of pediatric in-hospital resources, yet despite the debate, few of its therapies have been subjected to careful cost-effectiveness analysis.
10,11
One important reason for the paucity of prospective economic studies may be a lack of confidence in the methods of costing. As noted earlier, traditional methods of classification of neonatal care are not based on direct patient and staff observation and do not adequately account for differences in workload of personnel caring for critically ill infants. Moreover, they vary substantially in their applicability between clinical centers. 12 Both may result in misleading conclusions for economic evaluation. Indeed, no economic evaluations in the neonatal literature have taken explicit account of personnel time inputs.
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Outside the context of economic evaluation, there have been three previous studies focused on personnel time. In the earliest study, activities of nurses and physicians were recorded using time-lapse photography, but the investigation was performed well before the current era of neonatal intensive care and is unlikely to be applicable given the dramatic changes in management since then. 13 In a second study, British nurses recorded their own time use while caring for 45 infants.
14 This study was also performed in an era before the widespread use of exogenous surfactant and newer modes of ventilation, was limited to nursing workload, and made no attempt to predict variability of time input beyond three broad classification levels corresponding to infants receiving ventilation, high-and low-dependency care. Finally, the Northern Neonatal Network reported on direct observation of nursing time input in several levels of care. 15 No statistical testing was performed regarding the degree to which these classifications explained variability in time input, and the distribution of time among different tasks was not presented. In contrast, our study provides over 1200 hours of direct observation of nursing, physician, nurse practitioner, and respiratory therapist workload in 154 neonates cared for in a modern, North American tertiary level NICU. It confirms that the majority of time input is by nursing staff for direct patient care. There is, however, a very broad distribution of time input across patients whose per diem ''costs'' would otherwise be classified at one of only two broad levels of care, intensive and intermediate.
The regression equations allow prediction of relative workload for an individual patient from variables easily obtained from the hospital chart. For nurses, these variables included markers of illness severity (SNAP score, oxygen) and maturity (birth weight, nasogastric feeds), as well as variables that would directly increase nursing time, such as transfusion, use of parenteral nutrition, or phlebotomy. Physician and nurse practitioner time was predicted by a smaller subset of variables that more closely align with traditional neonatal classifications, including type of mechanical ventilation and nasogastric feeds. As expected, respiratory therapist time was correlated well with type of respiratory support.
The findings will be of interest to investigators interested in improving the accuracy of economic evaluations in neonatal intensive care. They also provide a systematic picture of how time is apportioned between personnel in the NICU, and between tasks. This may facilitate the identification of components of neonatal care with a higher yield for economic evaluation. For example, technologies that decrease direct nursing time are likely to be more cost-effective than those that reduce procedural time for physicians.
Several limitations of the study merit discussion. First, NICUs may vary from each other in both the characteristics of the infants admitted and in how personnel care for those infants. Our study population reflects the distribution of illness severity in a NICU of this size, which includes a large number of growing infants. The illness acuity is therefore relatively low. It is unclear whether the predictive validity of the equations would hold if applied to a much sicker population. Similarly, our use of neonatologists in a supervisory role supplemented by both fellows and nurse practitioners may yield different results than in a unit that relies on house staff. However, the combined time from all staff performing duties delegated from the attending neonatologist should be relatively constant. For this reason, we predicted combined fellow, nurse practitioner, and attending neonatologist workload. Nursing duties are relatively constant across units, and should therefore be less susceptible to such problems.
There is also variability in the elasticity with which the NICU responds to changing demands on its personnel resources. Some units, especially those operating near the limit of personnel availability, may respond to increased work demands by increasing the work output per caregiver. In contrast, other units may maintain the same output per individual, while making more personnel available. These differences would affect the predicted time inputs from the regression equations. Our results were collected over a long enough period of time that the spectrum of unit census and acuity should be represented, but the possibility that other units respond differently at the extremes of personnel work demands cannot be excluded.
A second concern relates to the completeness of observation. The observers were stationed at the bedside. Although they made every attempt to capture all clinical activity related to the patient, and received full cooperation from participating personnel, it is possible that some tasks were not included in the timed totals. This is likely to be less of a problem for the estimates of nursing and respiratory therapist time than for physicians and nurse practitioners, who typically spend more time away from the bedside discussing patients or making notes.
A related concern is that observations were made for only 8 to 12 hours at a time, and then normalized to a 24-hour day. It is possible that the activities during the observation period may have been more or less intense than those for the remainder of the day, so that normalization would lead to over-or underestimation of total time input. We attempted to minimize this problem by observing during different shifts, and by including one of the two nursing sign-outs that occurred between shifts.
Finally, it should be emphasized that the observations were made using the infant as the unit of observation. The findings thus exclude some overhead elements of personnel time use, such as in-service training, committee work, and quality improvement activities. Although these elements would be constant between infants and thus less relevant for economic evaluation, the omission would introduce a source of error if the findings were used for practical management of neonatal staffing or for developing reimbursement mechanisms.
